Micronutrient defi ciency conditions are global in scope, with developing countries suffering most from such "silent epidemics". There are several different approaches to combating micronutrient malnutrition at the level of populations and vulnerable groups. We review these briefl y with attention to successes, advantages and disadvantages. We recommend active governmental leadership and policy review on a continuing basis to address these fundamental public health problems.
INTRODUCTION: THE IMPORTANCE OF ACTION
Micronutrient defi ciencies rank among the top twenty risk factors for morbidity and impaired quality of life worldwide, with particular burdens falling on populations in poor countries, on children, and in the case of iron defi ciency, on women of childbearing age. 1 Amelioration of these defi ciencies is among the most cost-effective of public health interventions in improving overall health, the outcomes of common infectious diseases, and quality of life. 2, 3 There are a number of approaches that have been utilized at different times and in different populations, most often in attempts to deliver single nutrients known to be limiting for a population, but increasingly with attention to multiple micronutrients and to integrated public health programs. The reader is referred to the most comprehensive review to date of interventions to improve nutrition with a focus on maternal and child nutrition, namely that of Bhutta et al. 4 
(2008 Lancet Series on Maternal and Child
Undernutrition). The present review will mention several of these approaches, followed by attention to the successes of integrated programs.
EDUCATION AND DIETARY DIVERSIFICATION
While information and education are clearly valuable and valued among populations at nutritional risk, there are few instances of documented substantial impact from this approach alone. The chances of success are good only when there are no other serious constraining factors in terms of access to foods, when the target audience is motivated and when the educational intervention is well designed and delivered. The major advantage to education and behavior change is sustainability. By defi nition, any changes in knowledge and practices will be within the economic and social capabilities of the target audience and transmissible to the next generation. This makes it possible to address multiple nutrient defi ciencies simultaneously without risk of antagonistic interactions. There is some evidence that in relatively advantaged populations, targeted educational approaches can work well. 5, 6 In the context of more impoverished environments, there is a growing literature supporting home-and food-based approaches to improve micronutrient status, as recently reviewed by Gibson and Anderson. 7 The approaches they review focus on improvement of dietary zinc availability through encouragement of home production and use of animal source foods and home food processing strategies such as germination and fermentation to improve mineral availability. Their review provides an example of a successful dietary diversifi cation/modifi cation program developed and implemented in West Africa by Helen Keller International, along with consideration of requirements for scaling up such programs.
ECONOMIC GROWTH, POVERTY ERADICATION AND MICRONUTRIENT MALNUTRITION
Since the root cause of most malnutrition is poverty, there is always a policy-related argument that if economic growth can be achieved in poor countries, diets will improve with increased incomes and will preempt the need for additional public health interventions. While there is some basis for this argument, the weight of evidence points to a need for additional nutritional "safety nets." There is wide but not universal agreement that the virtual disappearance of iodine, niacin and other micronutrient defi ciencies (excepting iron) in the period surrounding and following the Second World War was a combination of economic recovery after the Great Depression and of fortifi cation of staple grains with micronutrients and of salt with iodine. 8 However, the occurrence of economic shocks demonstrably set back progress against malnutrition in Southeast Asia in the late 1990s. The recent (2008) economic crisis has by recent estimates added several hundred million to the count of the world's malnourished within a very short period of time. 9 Even if it were more predictable, general economic growth is a lagging predictor of nutritional improvement. Alderman and Linnemayr 10 have recently modeled, using a large data set based on Demographic and Health Surveys in a number of countries, the impact of economic growth on anemia. They found that anemia rates do decrease as incomes increase, but that the response is "anemic" at best, with anemia rates declining roughly one-fourth as rapidly as income increases and only at half the speed that rates of childhood underweight decline. They conclude that reliance on economic growth to solve the problem of iron defi ciency will not work, and that efforts need to be redoubled to fi nd and implement safe and effective methods of iron supplementation and fortifi cation.
SUPPLEMENTATION
Direct supplementation of vulnerable subpopulations with micronutrients, usually through a primary healthcare system or healthcare delivery system such as an immunization program, has been shown to be effective and very cost-effective for young children for vitamin A and for zinc. 1, 2 Supplementation for pregnant women with iron and folic acid has had more uneven results, likely at least in part because of poor compliance due to side effects of the supplements. A direct supplementation approach through a healthcare delivery system has the advantage of directly reaching portions of the population most at risk while not putting other segments of the population at risk of overconsumption or adverse interactions. The long-term disadvantages, however, are obvious and relate primarily to sustainability, coverage and compliance.
Supplementation depends upon a viable delivery system with built-in quality control, as well as upon wide coverage and high take-up rates among vulnerable individuals and families. Supplementation only works if the supplements are available and accessible and the intended individuals actually take them. Recently, much attention has been devoted to using multiple micronutrient supplementations, rather than the traditional iron and folic acid only, for pregnant women; in some cases, signifi cant advantages have been seen. The best outcomes have been seen when the supplementation is coupled with community-based health facilitators' interventions, 11 arguing for more integrated, less vertical approaches. Supplements for institution based elderly and other institution based population groups such as long-term mental hospital patients or others in long-term care or custody should be considered as part of the nutritionrelated responsibilities of public health authorities.
FORTIFICATION
Micronutrient fortifi cation of widely consumed basic foods is a public health approach that has been widely used and continues to evolve. Fortifi cation of foods can be conceptualized as central (with micronutrients added in commercial or other central processing, prior to distribution or marketing), or peripheral (involving the addition of micronutrient substances to foods at the household or other consumption level). Centrally handled fortifi cation may be applied to food vehicles essentially universally consumed by the population (notable examples have been grain fl ours, salt, sugar, monosodium glutamate) or to specifi c food products designed to be consumed by vulnerable target groups. An example of the latter is the hugely successful fortifi ed gruel for toddlers marketed throughout Central America, INCAPARINA, which was developed as a fortifi ed version of a traditional and staple infant/young child food product in the given culture. A very recent example of this approach is a successful, large-scale trial of distribution of iron-fortifi ed milk in reducing iron-defi ciency anemia among low-income children in Mexico. 12 Vitamin D fortifi cation of milk practiced during World War II, then suspended, has been mandatory in Canada since 1979 and has been almost universally practiced in the United States since the 1940s. Since 1998, fortifi cation of fl our has been practiced in Canada and the United States, Chile and most of the countries in the Americas to prevent birth defects (neural tube defects), 13 and is recommended by WHO.
14 The advantage to fortifi cation of food items consumed by the general population, provided that safe and effective levels of the relevant nutrients can be delivered through an appropriate food vehicle, is that no or minimal behavior change is required on the part of the population. This provides a tremendous advantage in terms of coverage and effi ciency. The approach demands that the food vehicle be purchased or otherwise distributed essentially universally; thus in some areas where the rural poor depend primarily on subsistence agriculture, coverage may be suboptimal. Fortifi cation of staple foods requires active governmental leadership, policy and political will based on sound scientifi c evidence; the policy process has proved to be a complex stumbling block in some situations. For example, although more than fi fty countries have implemented fortifi cation of fl our with folic acid, no country in Europe has done so and the European approach remains to recommend supplementation for women at risk of pregnancy.
Fortifi cation at the periphery has been utilized as an approach to deliver micronutrient fortifi cants to particular at-risk groups such as young children or school children. A number of products have been developed including fortifi ed blended foods (such as INCAPARINA), complementary food supplements such as the fortifi ed nut butter developed for home fortifi cation, 15 and micronutrient powders designed to be added to food at the point of consumption. Generally positive results have been found in a number of controlled trials for such products. For example, a randomized trial of adding an iron-and ribofl avin-rich powder to school meals in India reduced anemia in fi ve to nine year old children by more than fi fty percent, as well as essentially eliminating clinical signs of ribofl avin defi ciency. 16 The currently available and tested products have recently been reviewed in detail by the Maternal, Infant and Young Child Nutrition Working Group.
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INTEGRATED APPROACHES
Public health approaches to improving nutritional status in vulnerable groups have been most successful, particularly in large populations with signifi cant income, health and nutrition disparities, in the context of integrated programs. We will briefl y mention three types of integrated approaches: 1) targeted maternal and child nutrition programs, using the example of the Special Supplemental Nutrition Program for Women, Infants and Children (WIC) in the US; 2) the Essential Nutrition Actions (ENA) approach; and 3) conditional cash transfer (CCT) programs with health and nutrition components, which are widely utilized now in Latin America and for which the Mexican program, Oportunidades, serves as the best-evaluated model. While these types of programs offer effi ciency, wide coverage, and potential for major health improvements in populations, they are expensive and they have proved diffi cult to evaluate precisely because of their wide coverage.
Targeted, integrated maternal and child nutrition programs are exemplifi ed globally by the work of the Ten-Year Strategy for Integrating Maternal, Infant and Young Child Nutrition, summarized recently by Zehner. 18 However, lessons must also be learned from long-standing successful programs addressing nutritional inequities in more developed countries as well.
Women, Infants and Children: The Special Supplemental Nutrition Program for Women, Infants and Children in the United States is one of the longest-standing, largest and most durable integrated maternal, infant and child nutrition programs. Begun in the 1970s, this is a federal assistance program of the Food and Nutrition Service (FNS) of the United States Department of Agriculture (USDA) for healthcare and nutrition of lowincome pregnant women, breastfeeding women, and infants and children under the age of fi ve.
WIC now reaches more than half of all pregnant women and infants born in the US and almost all of those residing in households whose income is below the federal poverty level. The program was designed to be tightly targeted to those most at nutritional risk during vulnerable developmental periods: pregnancy, lactation, infancy and early childhood. Eligibility requires a per-capita household income less than 185% of the federal poverty level plus documented nutritional or medical risk factors for poor nutrition or indications of nutritional compromise such as anemia, underweight, or low birth weight. Participation is certifi ed in six-month intervals, maintaining tight targeting. An integrated package of benefi ts is delivered, including nutrition education, health and social service referrals, breastfeeding promotion and support, and a prescribed set of supplemental foods designed to be nutrient-dense and to address the nutrients most likely to be low in the diets of the eligible population.
The WIC program very recently went through the fi rst major revision in the content of the supplemental foods provided to make them consistent with the Dietary Guidelines for Americans, which are revised every fi ve years and for the policy framework for all US federal food-related programs. 19 WIC has undergone many evaluations, consistently showing positive effects on dietary quality, health outcomes (e.g., birth weight, anemia), and health service utilization. [20] [21] [22] Rigorous evaluations are diffi cult, however, because of the program's wide coverage and the fact that eligible non-participants are necessarily (and unobservably) different from participants.
THE ESSENTIAL NUTRITION ACTIONS (ENA) APPROACH
The ENA framework, now being adopted by several large countries, grew out of the 2003 Lancet child survival series in which a set of preventive nutrition interventions were identifi ed to reduce child mortality. 23 The ENA framework (originally called the "Minimum Nutrition Package") was developed by WHO, UNICEF, and the U.S. Agency for International Development and focuses on specifi c nutrition messages and support at critical points during pregnancy and the fi rst two years of life, using multilevel health sector and community channels for program implementation.
Support for exclusive breastfeeding, vitamin A and zinc supplementation, appropriate complementary feeding starting at six months, and nutritionrelated health practices including delayed umbilical cord clamping, utilization of trained birth attendants, maternal dietary evaluation and counseling, and immunization are integrated in country-specifi c program designs. That such programs make a difference is now being demonstrated clearly in some of the poorest countries (e.g., Madagascar 24 ). Implementation and evaluation of these programs has depended on external funding, raising the question of sustainability, but improvements in health services and general community involvement hold promise for long-term benefi t.
CONDITIONAL CASH TRANSFER PROGRAMS WITH NUTRITION AS THE CENTRAL OBJECTIVE
Cash transfers offer a fi nal model for integrated programs affecting micronutrient defi ciencies as well as other health and nutrition outcomes. These programs have become widespread in Latin America as a more or less standard model for poverty reduction and for buffering children and families against the negative nutritional and health effects of poverty. The basic conceptual framework is that cash payments are made to poor families to supplement low incomes, conditional on the families fulfi lling specifi c behavioral expectations, usually including school attendance for appropriately aged children and use of preventive healthcare services, and in some cases supportive treatment or rehabilitation of malnourished children.
A recent systematic review of CCTs on health outcomes and use of health services provided strong evidence of positive impacts on nutritional status and health outcomes as well as use of health services. 25 Two of the largest CCTs are those in Mexico (Oportunidades, originally named Progresa) and the Brazilian Bolsa Familia Programme. The Brazilian program has had less thorough evaluation than the Mexican one, but in general has shown positive effects on education and poverty reduction, though no short-term improvements in health status. 26 The Mexican program, however, was designed for rigorous evaluation, in part because it grew out of a systematic nutrition planning process in Mexico which utilizes research undertaken specifi cally for policy purposes. 27 Originally implemented in 1998-1999, with a delayed-implementation subpopulation serving as a control, the program includes the distribution of a micronutrient-fortifi ed food supplement designed to meet the needs of infants 6-23 months of age, required participation in school for school-aged children, use of preventive healthcare services, and health education delivered through community-based clinics. The effects of the program have been shown to be positive based on indicators such as growth of infants, anemia prevalence, preventive health service utilization, and interestingly, functional measures in older adult members of participating households. 28 Altogether, the design and implementation of integrated approaches to nutritional improvement, including micronutrient malnutrition, requires large-scale planning and policy development but together with fortifi cation of staple foods and targeted supplementation programs, may hold the greatest potential for long-term progress.
MONITORING AND SURVEILLANCE
Interventions require evaluation, both to assess progress and to identify any adverse effects. In the absence of randomized controlled trials, it is often necessary to rely on small-scale studies on non-representative samples to infer impacts. Many countries have recognized the need for food consumption and/or nutritional status data on representative samples from their populations, and there are many examples of cross-sectional surveys (which all too often do not get into the literature). It took the United States many years to come to the conclusion that the National Health and Nutrition Examination Survey (NHANES) would be most useful if maintained on a continuing basis (rather than requiring new funding and development of new infrastructure at infrequent intervals), and that integration of the former national food consumption survey activities into the survey would improve effi ciency and utility. The NHANES data are freely available (see the homepage at: http://cdc.gov/nchs/nhanes.htm) and more or less continuously updated, forming a resource for both research and monitoring.
SUMMARY AND CONCLUSION
Optimizing the nutritional status of the population is one of the fundamental responsibilities of public health authorities as well as clinical care providers. Extensive experience with food fortifi cation makes it one of the primary successful methods of intervention, but specifi c targeted risk group programs are also crucial to individual and population health. Education, cash and food entitlement programs are also appropriate in a multidimensional approach to food security and optimizing nutritional status, with monitoring as an essential element to evaluate needs and progress.
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